Abstract.-Employing the Monte Carlo technique hopping at the Fermi level in a cubic lattice has been simulated as a function of temperature, electric field, hopping parameter 2a, and time. It has been found that the predictions of the simple theories agree remarkably well with our computer experiments. In our work we find a true d.c. conductivity proportional to exp -(T /T)!/ 1 * at low temperatures. The time dependence shows dispersion at short times due to energy relaxation and-later equilibrium to the average hopping distance.
Introduction.-Perhaps the most simple, yet elegant approach to hopping at the Fermi level was the optimization approach by Mott (1) where the fameous In a T 1 '
1+ law was found. This law has since been verified (see for examples G.G.Robert et al. (2) )and now put on firm theoretical grounds by Movaghar and Schirmacher (3) . While experiments (2) have shown the T~^-/^ law the experimental data gave a conductivity which was too large by a factor of more than 10 . Because of this discrepancy we have decided to perform a computer simulation to test these simple theoretical ideas and approximations. We have found excellent agreement between our Monte Carlo simulations and theory regarding temperature, hopping parameter, and electric field. At high temperature an activated conductivity is found and simple arguments are presented for the magnitude of the activation energy.
Computational Methods.-Because of its simplicity the Monte Carlo Method has-frequently been applied to treat transport properties of disordered solids (see e.g. (4, 5) ). In the present computation a volume of 30x30x69 sites with cubic symmetry (lattice parameter a = 10"' cm) was used employing periodic boundary conditions along y and z rendering the effective sample dimensions in transverse directions practically infinite. To mimic hopping at the Fermi level the distribution of the energy of the hopping sites was approximately by a half-Gaussian, N(e) = 2 exp(-e 
t random on an a r b i t r a r y s i t e l o c a t e d w i t h i n t h e x = 1 plane. This g i v e s us an i n it i a l e n e r g e t i c non equilibrium. However, s i n c e t h e p a r t i c l e thermalize i n only a few jumps, t h i s does n o t d i s t o r t our d . c . c o n d u c t i v i t y r e s u l t s . W e study 20 p a r t i c l e s p e r l a t t i c e configuration and average over 50 d i f f e r e n t c o n f i g u r a t i o n s . W e s t o r e n ( x , t , s ) where n is t h e number o f jumping p a r t i c l e s . W e t h u s can c a l c u l a t e < x ( t ) > and < & ( t ) > from which we o b t a i n t h e c o n d u c t i v i t y and t h e average energy. These ave- The f a c t t h a t <R> considerably exceeds t h e l a t t i c e parameter a , e x p l a i n s why we can recover t h e a n a l y t i c r e s u l t s , w h i c h have o r i g i n a l l y been worked out f o r a much more complicated s p a t i a l a r r a y of hopping s i t e s (3),by confining t h e simul a t i o n s t o a simple cubic l a t t i c e .
To d a t a a r e b e s t f i t t e d by To = ( 2 , 3 ) where NF is t h e d e n s i t y of s t a t e s a t t h e Fermi l e v e l , i n t h e p r e s e n t c a s e NF
Also shown i n t h e i n s e r t i n f i g u r e 1 is t h e high temperature a c t i v a t i o n energy Ea vs t h e hopping parameter 2aa.
I t is e a s i l y v e r i f i e d t h a t it should be
given by Ea = (~~a~~) -~ where p is t h e number o f s i t e s which on average a part i c l e l o c a t e d a given s i t e can jump t o . Since , & i m , i ( T ) a p exp(-2aa), p i s obt a i n e d by e x t r a p o l a t i n g t h e l o g i -=~-' r e g i o n t o T + m . Notice t h a t our d a t a f o r Ea can very w e l l be f i t t e d by using t h e p values from t a b l e 1.
Apsley and Hughes ( 7 ) have p r e d i c t e d t h e c o n d u c t i v i t y behavior a s a f u n c t i o n of e l e c t r i c f i e l d i n t h e low temperature regime. The r e s u l t s of our s i m u l a t i o n s shown i n f i g u r e 2 demonstrate e x c e l l e n t agreement with t h e i r p r e d i c t i o n s . Concequentl y , t h e e n t i r e s i m p l i f i e d a n a l y t i c model f o r hopping a t t h e Fermi l e v e l agrees with our computer experiment. Even t h e magnitude of t h e c u r r e n t i s i n accord with theory when we normalize it t o our e m p i r i c a l jump frequency. 
